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Resumo 
 
Introdução: A via de sinalização intracelular PTEN, mTOR, PI3K, IGF-1R e 
EGFR exerce papel prognóstico importante no câncer de mama. Embora muitos 
estudos tenham analisado a correlação entre as alterações gênicas de PTEN, 
mTOR, PI3K, IGF-1R e EGFR e o mau prognóstico em câncer de mama, há uma 
lacuna na literatura com relação ao valor prognóstico dessas proteínas na 
adjuvância do câncer de mama. Apesar de existirem fatores prognósticos e 
preditivos conhecidos, como os receptores hormonais e o HER-2, no campo 
imunológico, o câncer de mama é um dos tumores menos imunogênicos. As 
proteínas PD-L1 e PD-L2 fazem parte de uma importante resposta imune 
antitumoral. Em câncer de mama, o valor prognóstico de PD-L1 e PD-L2 ainda 
não está definido. Objetivos: Investigar a expressão das proteínas PTEN, 
mTOR, PI3K, IGF-1R e EGFR e das proteínas PD-L1 e PD-L2, e a correlação 
com as características clínicas e patológicas do câncer de mama, sobrevida livre 
de doença e sobrevida global. Métodos: Foi realizada uma coorte que avaliou 
192 casos de câncer de mama, estadios I, II e III, tratadas entre 1994 e 2014 no 
Hospital da Mulher (CAISM) da UNICAMP. Os dados clínicos e de sobrevida 
foram retirados de prontuários. Blocos de parafina foram utilizados para 
construção do microarranjo de tecidos (TMA). No TMA foi utilizada a técnica de 
imunohistoquímica (IHQ) para estudo da expressão dessas proteínas. A terapia 
adjuvante foi administrada de acordo com o protocolo de tratamento institucional. 
Resultados: A expressão de PTEN foi encontrada em 40.6% (77/190); mTOR 
em 47.4% (90/190); PI3K em 29.8% (57/191); IGF-1R em 35.8% (68/190) e 
EGFR em 25.7% (49/191). Nas células do câncer de mama, a expressão de 
PTEN ocorreu no citoplasma e na região nuclear; a expressão de mTOR foi 
constatada de modo intenso na região nuclear e também no citoplasma. A 
expressão de PI3K foi mais intensa na membrana celular e menos intensa no 
citoplasma. A expressão de IGF-1R foi detectada na membrana celular das 
células tumorais. A expressão de todas essas proteínas foi significativamente 
associada à presença de linfonodos positivos. A idade mais jovem ao diagnóstico 
foi associada à expressão de PTEN e PI3K. A presença de tumores maiores foi 
associada à expressão de PTEN. Os receptores de progesterona negativos 
foram associados à expressão de PI3K. Receptores de estrógeno negativos e 
recorrência à distância foram ambos associados à expressão de EGFR. As 
expressões de PTEN, PI3K e EGFR foram fortemente associadas a 
características clínicas e patológicas de pior prognóstico. A expressão de PI3K 
foi significativamente associada à pior sobrevida livre de progressão (p=0.04) e 
pior sobrevida global (p=0.04). A expressão de EGFR foi também 
significativamente associada à pior sobrevida livre de progressão (p=0.03) e pior 
sobrevida global (p=0.04). A expressão de PTEN não foi associada à sobrevida. 
A expressão de PD-L1 foi identificada em 56.7% (107/189) e a de PD-L2 em 
50.8% (97/192). Enquanto a expressão de PD-L1 foi detectada na membrana 
celular e no citoplasma das células do câncer de mama, a expressão de PD-L2 
ocorreu no citoplasma e na região nuclear. Idade mais jovem ao diagnóstico, 
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linfonodos positivos, receptor de estrógeno negativo e recorrência à distância 
foram associados tanto à expressão de PD-L1 quanto à de PD-L2. A presença 
de tumores maiores e de alto grau histológico foi associada à expressão de PD-
L1. A expressão de PD-L1 foi significativamente associada à melhor sobrevida 
global (p=0.04). Conclusão: A expressão de PTEN, PI3K e EGFR pode 
representar um tipo de câncer de mama mais agressivo. A expressão de PI3K e 
EGFR pode ser considerada um marcador de mau prognóstico em câncer de 
mama. A expressão de PD-L1, apesar de ser associada a características clínicas 
e patológicas de pior evolução, pode ser considerada um marcador de bom 
prognóstico em câncer de mama.  
 
Palavras-chave: câncer de mama; PTEN; mTOR; PI3K; IGF-1R; EGFR; PD-L1; 
PD-L2; sobrevida. 
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Summary 
 
Introduction:  The PTEN, mTOR, PI3K, IGF-1R and EGFR signaling pathway 
plays an important role in prognosis of breast cancer. Although many studies have 
analyzed the correlation between PTEN, mTOR, PI3K, IGF-1R, and EGFR genes 
alterations with poor prognosis in breast cancer, there is still a gap in the literature 
concerning the prognostic value of these proteins in the adjuvant setting. Despite 
there were some well-known predictive and prognostic factors, such as hormone 
receptors and HER-2, in the immune field, breast cancer is one of the less 
immunogenic tumors. PD-L1 and PD-L2 constitute an important antitumor immune 
response. In breast cancer, the prognostic value of PD-L1 and PD-L2 is still to be 
defined. Objectives: This study investigates PTEN, mTOR, PI3K, IGF-1R and 
EGFR proteins expression and PD-L1 and PD-L2 proteins expression, and their 
correlation with clinicopathological features, disease-free survival and overall 
survival. Methods: In order to assess these proteins expression, we conducted an 
immunohistochemistry study using a tissue microarray encompassing 192 breast 
cancer cases, stage I, II and III, treated between 1994 and 2014 at the Women’s 
Hospital (CAISM) from UNICAMP. All clinical and outcome data were retrieved from 
medical charts. Adjuvant therapy was administered according to the institution’s 
treatment protocol. Results: PTEN expression was found in 40.6% (77/190); 
mTOR expression in 47.4% (90/190); PI3K expression in 29.8% (57/191); IGF-1R 
expression in 35.8% (68/190); and EGFR expression in 25.7% (49/191). In breast 
cancer cells PTEN expression showed cytoplasmic and nuclear immunoreactivity, 
and mTOR expression revealed strong nuclear and cytoplasmic staining. Tumors 
harboring PI3K expression presented strong immunoreactivity at cell membrane 
and weak cytoplasmic staining. IGF-1R expression was detected in breast cancer 
cell membrane. All proteins expression was significantly associated with lymph 
node positivity. Younger age at diagnosis was related to PTEN and PI3K 
expression. The presence of larger tumors was associated with PTEN expression. 
Negative progesterone receptor was correlated to PI3K expression. Estrogen 
receptor negativity and recurrence at distant sites were associated with EGFR 
expression. The expression of PTEN, PI3K, and EGFR were strongly associated 
with clinical and pathological features of poor prognosis. In our cohort, PI3K 
expression was associated with significantly worse disease-free survival (p=0.04) 
and overall survival (p=0.04), and EGFR expression was also significantly 
associated with worse disease-free survival (p=0.03) and overall survival 
(p=0.04). PD-L1 expression was present in 56.7% (107/189), and PD-L2 
expression was identified in 50.8% (97/192). In breast cancer cells PD-L1 
expression revealed strong immunoreactivity at cell membrane and cytoplasmic 
staining, and PD-L2 expression showed cytoplasmic and nuclear 
immunoreactivity. Younger age at diagnosis, lymph node positivity, estrogen 
negative receptor, and recurrence at distant sites were all associated with both 
PD-L1 and PD-L2 expression. The presence of larger tumors and higher 
histological grade were both associated with PD-L1 expression. PD-L1 
expression was significantly associated with better overall survival (p=0.04) in 
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breast cancer patients. Conclusion: The expression of PTEN, PI3K, and EGFR 
can represent a more aggressive type of breast cancer. PI3K and EGFR 
expressions emerge as poor prognostic markers in breast cancer. Despite its 
association with poor clinical and pathological features, PD-L1 expression seems 
to be a good prognostic marker in breast cancer.  
 
Keywords: breast cancer; PTEN; mTOR; PI3K; IGF-1R; EGFR; PD-L1; PD-
L2; survival. 
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1. Introdução 
 
O câncer de mama é uma doença heterogênea com características 
patológicas e clínicas distintas. A prevenção e o tratamento do câncer de mama 
envolvem a análise de múltiplos fatores como genes humanos, proteínas e 
aspectos do microambiente tumoral.  
Atualmente são poucos os fatores preditivos e prognósticos utilizados em 
câncer de mama, como tamanho tumoral, grau histológico, acometimento 
linfonodal, expressão de KI-67, receptores hormonais e expressão de HER-2 
(Coates et al., 2015). Na década passada, um estudo de referência identificou 
quatro subtipos de câncer de mama baseados em perfis de expressão gênica, 
presença de receptores hormonais e expressão de HER-2 (Perou et al., 2000). 
Esses subtipos têm sido associados a características patológicas e clínicas 
distintas: o subtipo basal é predominantemente triplo negativo com ausência de 
expressão de receptor de estrógeno, receptor de progesterona e cópia de HER2 
normal; o HER2 positivo apresenta amplificação do gene HER2 e está associado 
à pior evolução quando não tratado; luminal-A e luminal-B são tumores com 
receptores de estrógeno positivos, embora o luminal-B esteja associado a pior 
evolução (Sotiriou et al., 2009). 
Os tumores de mama luminais A e B são os que possuem maior expressão 
gênica heterogênea. Diferentemente do luminal A, o luminal B tem baixa 
expressão de genes relacionados ao receptor de estrógeno e alta expressão de 
genes proliferativos (Brenton et al., 2005). A proliferação celular é uma das 
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principais características das assinaturas gênicas (Desmedt et al., 2008). Em 
tumores de mama com receptor de estrógeno positivo e HER2 negativo, a 
proliferação é o fator preditivo mais forte do risco de recidiva precoce e é o que 
diferencia os tumores luminal-B de alto risco dos tumores luminal-A de baixo risco 
(Loi et al., 2007).  Os tumores do subtipo basal são comumente denominados de 
triplo negativos devido à ausência de expressão de receptores hormonais e 
HER2. No entanto, cerca de 75% destes tumores triplo negativos correspondem 
ao tipo basal; os 25% restantes apresentam outras alterações.   
Atualmente, a caracterização e a individualização desses subtipos guiam 
as decisões de tratamento quanto ao uso de hormonioterapia e quimioterapia 
adjuvantes para as pacientes portadoras de câncer de mama (Coates et al., 
2015).  Avanços recentes em biologia molecular e genética contribuíram com o 
desenvolvimento de novos testes preditivos e prognósticos em câncer de mama 
que expressa receptores hormonais positivos (van’t Veer et al., 2002; Paik et al., 
2004). Apesar desses novos testes e de marcadores de prognóstico e de 
predição amplamente conhecidos, a recorrência em câncer de mama e os 
mecanismos pelos quais ela se dá permanecem obscuros. 
Um estudo de referência identificou e sequenciou os genes 
significativamente mutados e associados ao câncer de mama; dentre eles 
destacam-se: o gene da Quinase Fosfatidilinositol-3, subunidade catalítica 
alfa (PIK3CA) e o gene homólogo da tensina e da fosfatase deletado no 
cromossomo 10 (PTEN) (The Cancer Genome Atlas Network, 2012).  
O conhecimento da base genética do câncer de mama revelou novas vias 
de sinalização intracelular que contribuem com o seu desenvolvimento. Uma das 
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mais importantes é a via constituída pelas proteínas PTEN, mTOR, PI3K 
(Quinase Fosfatidilinositol-3) e pelos receptores epiteliais de membrana EGFR 
(receptor do fator de crescimento epidérmico humano 1) e IGF-1R (receptor do 
fator 1 de crescimento tipo insulina) (Bose et al., 2002; Akcakanat et al., 2008; 
Coughlin et al., 2010; Gallardo et al., 2012).   
O PTEN é um importante gene supressor de tumor. Sua função é manter 
a homeostase celular e inibir a importante via oncogênica constituída por PI3K e 
mTOR (Coughlin et al., 2010) (Fig.1). A perda de PTEN em cancer de mama está 
presente em cerca de 30% dos casos (Gonzalez-Angulo et al., 2011) e está 
associada ao alto grau histológico e à presença de receptor de estrógeno 
negativo (Saal et al., 2005). Além da perda de PTEN, outra alteração genética 
comum é a mutação de PIK3CA (Coughlin et al., 2010). Ambas podem levar à 
ativação de PI3K, ao desenvolvimento do câncer, à resistência à terapia 
endócrina e à terapia anti-HER2 (Di Cristofano et al., 2000; Berns et al., 2007).   
A mTOR é constituída por dois complexos multiproteicos; sua ativação 
desempenha papel importante na ativação da síntese proteica, contribuindo com 
a patogênese do câncer de mama. A ativação de mTOR desencadeia: a 
promoção de translação proteica, a ativação de proteínas importantes para o 
controle do ciclo celular e fatores de crescimento em câncer de mama (Akcakanat 
et al., 2008) (Fig. 1). mTOR possui um inibidor chamado Everolimo que se 
encontra comercialmente disponível e apresenta papel clínico importante no 
tratamento do câncer de mama. O Everolimo, em combinação com o inibidor de 
aromatase exemestano, foi aprovado para o tratamento de câncer de mama 
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avançado ou metastático para pacientes que progrediram após hormonioterapia 
prévia (Baselga et al., 2012; Hortobagyi, 2015).  
A PI3K é uma proteína que constitui uma das principais vias intracelulares 
em câncer de mama; quando ativada, estimula processos celulares importantes 
como sobrevida, motilidade, e crescimento celular (Engelman et al., 2006).  A 
PI3K é composta por duas subunidades: uma subunidade regulatória p85 e uma 
subunidade catalítica p110 (PIK3CA). A subunidade catalítica PIK3CA 
redireciona os sinais provenientes dos receptores EGFR, HER2 (receptor do fator 
de crescimento epidérmico humano 2), HER3 (receptor do fator de crescimento 
epidérmico humano 3) e HER4 (receptor do fator de crescimento epidérmico 
humano 4) (Engelman et al., 2006) (Fig.1). A subunidade regulatória p85 
redireciona os sinais do IGF-1R (Gallardo et al., 2012) (Fig.1). 
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Figura 1: Representação da via de sinalização intracelular PI3K, PTEN, AKT, mTOR e 
IGF-1R e seus ligantes externos. Fonte: adaptado de Hennessy BT, Smith DL, Ram PT, 
Lu Y, Mills GB. Exploiting the PI3K/AKT pathway for cancer drug discovery. Nat Rev Drug 
Discov. 2005; 4(12):988-1004.; Zha J, Lackner MR. Targeting the insulin-like growth 
factor receptor-1 pathway for cancer therapy. Clin Cancer Res. 2010;16(9):2512-7.   
 
 
A ativação da via PI3K, que ocorre frequentemente pela mutação de 
PIK3CA, é a alteração mais comum da via de transdução de sinais em várias 
neoplasias incluindo o câncer de mama. A presença de mutação de PIK3CA varia 
entre 8 e 40% dos casos (Buttitta et al., 2006; Saal et al., 2005). As mutações em 
PIK3CA constituem as alterações genéticas mais comumente encontradas nos 
tumores de mama Luminais A e B (The Cancer Genome Atlas Network, 2012). A 
amplificação do gene PIK3CA também é comumente encontrada nos tumores de 
mama triplo negativos (The Cancer Genome Atlas Network, 2012).  
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As células do câncer de mama que expressam HER2 são dependentes da 
via PI3K (She et al., 2008). Dados da literatura demonstram que a ativação de 
PI3K está associada à resistência a trastuzumabe e que o trastuzumabe atua ou 
possui efeitos antitumorais somente na presença de uma via PI3K normal 
(Nagata et al., 2004; 7 Berns et al., 2007). Atualmente existem estudos clínicos 
de fase III em andamento utilizando agentes inibidores de PI3K no tratamento do 
câncer de mama; dentre esses destaca-se o Buparlisib, um novo fármaco oral 
que inibe PI3K (Bauer et al., 2015; Geuna et al., 2015). 
 As alterações na via de sinalização intracelular constituída por PI3K, 
PTEN e mTOR ocorrem com frequência em cancer de mama e podem 
representar resistência à hormonioterapia e à terapia anti-HER2. Essas 
alterações podem estar associadas a um pior prognóstico (Nagata et al., 2004; 
Berns et al., 2007; Gallardo et al.,2012). 
O IGF-1R em câncer de mama é um receptor tirosino quinase 
transmembrana com alta afinidade pelo receptor de insulina. O IGF-1R possui 
dois ligantes principais: o ligante 1 do fator 1 de crescimento tipo insulina (IGF-1) 
e o ligante 2 do fator 1 de crescimento tipo insulina (IGF-2). Ambos são capazes 
de se ligar ao IGF-1R e estimular sua atividade catalítica.  Esta ligação resulta na 
ativação de PI3K e subsequentemente na ativação do complexo PTEN e mTOR, 
que, por sua vez, leva à proliferação, sobrevida, transformação, metastatização 
e angiogênese tumorais (Pollak et al., 2008; Zha et al., 2010) (Fig.1). 
IGF-1R está expresso em cerca de 43% das células do câncer de mama 
e é frequentemente expresso com o receptor de estrógeno (Shimizu et al., 2004).  
A comunicação entre o receptor de estrógeno e o IGF-1R desempenha papel 
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importante na resistência ao Tamoxifeno. Estudo pré-clínico demonstrou que a 
exposição à terapia antiestrogênica pode levar à diminuição da expressão de 
IGF-1R (Heskamp et al., 2014). A expressão de IGF-1R pode indicar bom 
prognóstico em tumores com receptores hormonais positivos e mau prognóstico 
em tumores de mama triplo negativos (Yan et al., 2015). Anticorpos monoclonais 
foram criados tendo IGF-1R como alvo e alguns se encontram em fase de 
desenvolvimento em estudos clínicos (Martin et al., 2014). 
Cerca de 60% dos tumores triplo negativos do subtipo basal expressam 
EGFR (Nielsen et al., 2004). A expressão de EGFR foi confirmada como 
característica imunofenotípica de todos os tumores basais triplo negativos (Livasy 
et al., 2006). A terapia anti-EGFR tem apresentado um modesto benefício no 
tratamento do cancer de mama. Recentemente, o uso de anticorpo monoclonal 
anti-EGFR em câncer de mama triplo negativo demonstrou resposta em cerca de 
20% das pacientes (Baselga et al., 2013).  
Assim como a caracterização de vias como a constituída pelas proteínas 
PI3K, PTEN, mTOR, EGFR e IGF-1R levou ao desenvolvimento de importantes 
opções terapêuticas em câncer de mama, a caracterização dos mecanismos 
responsáveis pelas respostas imunes antitumorais também tem contribuído com 
avanços no tratamento do câncer.  
A imunoterapia tem ocupado posição de destaque no tratamento dos 
tumores altamente imunogênicos como melanoma maligno, tumor de pulmão 
escamoso de não pequenas células e tumores uroteliais (Georgiannos et al., 
2003; Matkowski et al., 2009). Embora o câncer de mama possua fatores 
prognósticos e preditivos conhecidos como os receptores hormonais e o HER-2 
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(Coates et al., 2015), no campo imunológico, o câncer de mama é um dos 
tumores menos imunogênicos. O sistema imune reconhece as células do câncer 
de mama assim que elas surgem e se desenvolvem. As células inflamatórias são 
frequentemente observadas em todos os tipos de câncer de mama. Além disto, 
a infiltração de células T é uma característica comum em câncer de mama triplo 
negativo e tipo basal (Mohammed et al., 2012).   
Uma das vias imunológicas mais importantes em câncer é a constituída 
pela proteína da morte programada-1 (PD-1). A PD-1 é um receptor expresso na 
superfície das células T CD8 positivas que carrega um sinal inibitório importante, 
que, quando ativado, impede as respostas imunes antitumorais (Thompson et al., 
2007). A PD-1 possui dois ligantes, o PD-L1 (ligante da proteína da morte 
programada-1), o PD-L2 (ligante da proteína da morte programada-2). O PD-L1, 
previamente conhecido como CD-274, e o PD-L2 são encontrados em tecidos 
imunes como os linfonodos e apresentam-se expressos em vários tumores, tais 
como: tumores uroteliais, tumores de mama, pulmão, rim e melanoma (Reiss et 
al., 2014). 
 A expressão de PD-L1 tem sido associada ao mau prognóstico em câncer 
de pâncreas e cancer de células renais (Thompson et al., 2007; Gatalica et al., 
2014). Na maioria dos tumores, PD-L1 e PD-L2 não estão constitutivamente 
expressos na superfície das células tumorais. Estes ligantes são produzidos e 
expressos na superfície das células tumorais a partir do contato com células 
inflamatórias T CD8 positivas. Estas células inflamatórias, como parte de uma 
reposta imune antitumoral, podem formar um infiltrado linfocitário tumoral (TIL) 
que também pode expressar PD-L1 (Pardoll, 2012) (Fig.2). A presença de altos 
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níveis de TIL pode estar associada a uma redução de recorrência à distância e, 
portanto, a um melhor prognóstico em pacientes portadoras de câncer de mama 
triplo negativos. Pacientes cujos tumores expressam altos níveis de TIL também 
podem apresentar melhor benefício de terapia baseada em Trastuzumabe (Loi et 
al., 2014; Salgado et al., 2015). 
O PD-L1 é expresso nas células de câncer de mama e em TIL, mas não 
em tecido mamário sadio (Ghebeh H, et al, 2006). A expressão de PD-L1 nos 
tumores de mama foi relatada em 30% dos casos e está significativamente 
associada a: alto grau histológico, alta expressão de Ki-67, ausência de 
expressão de receptor de estrógeno e progesterona, e expressão de HER2 
(Ghebeh et al., 2007; Sabatier et al., 2015). O PD-L1 em câncer de mama 
também está significamente associado a: idade mais jovem ao diagnóstico, maior 
tamanho tumoral, acometimento linfonodal e pior sobrevida (Muenst et al., 2014). 
Estudos recentes têm associado a expressão de PD-L1 a melhor prognóstico em 
câncer de mama (Schalper et al., 2014, Ali et al., 2015). 
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Figura 2: Representação da interação entre PD-1 e seus ligantes PD-L1 e PD-L2. Fonte: 
adaptado de Pardoll DM. The blockade of immune checkpoints in cancer immunotherapy. Nat 
Rev Cancer. 2012;12(4):252-64. 
 
A interação entre PD-1, PD-L1 e PD-L2 constitui um dos principais pontos 
de checagem do sistema imune responsáveis pelo reconhecimento e destruição 
das células tumorais através da ativação de células T CD8 positivas. O bloqueio 
desses pontos de checagem pode reativar a imunidade antitumoral e assim, 
induzir respostas antitumorais duradouras.  
A imunoterapia tem sido uma das áreas de pesquisa do câncer de maior 
crescimento nos últimos anos, com destaque para o desenvolvimento de 
anticorpos monoclonais que inibem as proteinas PD-1 e PD-L1. O bloqueio de 
PD-1 e PD-L1 utilizando anticorpos monoclonais específicos tem demonstrado 
respostas promissoras em melanoma e em câncer de pulmão não pequenas 
células.  Um estudo clínico de fase I, conduzido com o anticorpo anti-PD-1, 
mostrou respostas objetivas de 6 a 38% em pacientes com câncer de pulmão de 
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células não pequenas, melanoma maligno e câncer de células renais (Topalian 
et al., 2012). Outro estudo fase I multicêntrico, realizado com anticorpo anti-PD-
L1 em pacientes portadoras de diversos tipos tumorais, demonstrou respostas 
duráveis, com taxas que variavam entre 6 e 17% e prolongada estabilização de 
doença em algumas dessas pacientes (Brahmer et al., 2012).  
Dois anticorpos anti-PD-1 foram recentemente aprovados para uso em 
prática clínica nos Estados Unidos (Rotte et al., 2015). Estudos clínicos com 
anticorpos monoclonais que tem como alvo o bloqueio de PD-1 e PD-L1 estão 
sendo conduzidos em diversos tipos de tumores incluindo o câncer de mama. 
Resultado promissor obtido em estudo clínico de Fase III em pacientes 
portadores de câncer de pulmão de não pequenas células de histologia não 
escamosa, tratados com anticorpo anti-PD-1, sugere que pacientes que 
expressavam PD-L1 obtiveram tempo maior de sobrevida (Paz-Ares et al., 2015).  
Resultados promissores obtidos em estudos clínicos que tinham PD-1/PD-
L1 como alvo sugerem que estas terapias podem ser bem-sucedidas em câncer 
de mama, particularmente para as pacientes que expressam PD-L1 (Emens et 
al., 2015). 
A via constituída pela interação entre as proteínas de membrana celular 
do câncer de mama PD-L1 e PD-L2 e os linfócitos T é uma das principais 
responsáveis pela geração de respostas imunes antitumorais. O estudo do valor 
prognóstico dessas proteínas pode contribuir com o desenvolvimento de novas 
estratégias de tratamento em câncer de mama. Além dessa via imune, a via de 
sinalização intracelular constituída pelas proteínas PTEN, mTOR, PI3K, IGF-1R 
e EGFR também é uma das mais importantes vias no câncer de mama (Berns et 
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al., 2007; Akcakanat et al., 2008; Gallardo et al., 2012; Hortobagyi 2015). É 
necessária a melhor compreensão do papel prognóstico das proteínas 
constituintes desta via e de suas potenciais implicações clínicas.  
 
1.1. Justificativa 
Há uma crescente necessidade de identificar melhores marcadores 
prognósticos com o intuito de constatar benefício clínico significativo derivado do 
tratamento adjuvante em câncer de mama. Apesar da via de sinalização 
intracelular constituída pelas proteínas PTEN, mTOR, PI3K, IGF-1R e EGFR e 
da via imune constituída pelas proteínas PD-L1 e PD-L2 terem sido descritas e 
analisadas em câncer de mama metastático, o valor prognóstico dessas 
proteínas no cenário adjuvante do câncer de mama ainda constitui uma lacuna 
na literatura.   
As proteínas PTEN, mTOR, PI3K, IGF-1R, EGFR e PD-L1 possuem 
atualmente fármacos em desenvolvimento e alguns já comercialmente 
disponíveis para o tratamento do câncer em doença metastática. A identificação 
prognóstica destas proteínas no cenário adjuvante poderá contribuir com o 
desenvolvimento de novas estratégias terapêuticas em câncer de mama e assim, 
melhorar a sobrevida dessas pacientes. 
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2. Objetivos 
2.1. Objetivo Geral 
Analisar o valor prognóstico das proteínas da via de sinalização 
intracelular PTEN, mTOR, PI3K, IGF-1R e EGFR e das proteínas da via imune 
PD-L1 e PD-L2 em câncer de mama e a associação com características clínicas, 
patológicas e sobrevida de mulheres com câncer de mama.   
2.2. Objetivos Específicos 
 Artigo 1: avaliar a expressão das proteínas PTEN, mTOR, PI3K, IGF-1R e 
EGFR, e sua correlação com características clínicas e patológicas do câncer 
de mama e com sobrevida livre de doença e sobrevida global. 
 Artigo 2: avaliar a expressão das proteínas PD-L1 e PD-L2, e sua correlação 
com características clínicas e patológicas do câncer de mama e com 
sobrevida livre de progressão e sobrevida global. 
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3. Publicações 
Artigo 1 – Expression and prognostic value of PTEN, mTOR, PI3K, IGF-1R, 
and EGFR in breast cancer 
Artigo 2 – Prognostic significance of PD-L1 and PD-L2 in breast cancer 
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Abstract 
Background: The PTEN, mTOR, PI3K, IGF-1R and EGFR signaling 
pathway plays an important role in prognosis of breast cancer. This study 
investigates the frequency of these proteins expression, and their 
correlation with clinicopathological features and disease-free survival and 
overall survival.  
Subjects and methods: In order to assess these proteins expression, we 
conducted an immunohistochemistry study using a tissue microarray 
encompassing 192 breast cancer cases, stage I, II and III, treated between 
1994 and 2014 at the Women’s Hospital (CAISM) from UNICAMP. All 
clinical and outcome data were retrieved from medical charts. Adjuvant 
therapy was administered according to the institution’s treatment protocol. 
Results: PTEN expression was found in 40.6% (77/190); mTOR 
expression in 47.4% (90/190); PI3K expression in 29.8% (57/191); IGF-1R 
expression in 35.8% (68/190); and EGFR expression in 25.7% (49/191). 
All proteins expression was significantly associated with lymph node 
positivity. Younger age at diagnosis was related to PTEN and PI3K 
expression. The presence of larger tumors was associated with PTEN 
expression. Negative progesterone receptor was correlated to PI3K 
expression. Estrogen receptor negativity and recurrence at distant sites 
were associated with EGFR expression. The expression of PTEN, PI3K, 
and EGFR was strongly associated with clinical and pathological features 
of poor prognosis. In our cohort, PI3K expression was associated with 
significantly worse disease-free survival (p=0.04) and overall survival 
(p=0.04); EGFR expression was also significantly associated with 
worse disease-free survival (p=0.03) and overall survival (p=0.04).  
Conclusion: The expression of PTEN, PI3K, and EGFR can represent a 
more aggressive type of breast cancer. Our study suggests PI3K and 
EGFR expressions as negative prognostic biomarkers in breast cancer.  
 
Keywords: breast cancer; PTEN; mTOR; PI3K; IGF-1R; EGFR; survival. 
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Introduction 
 
Over the years, few predictive and prognostic factors such as tumor size, 
histological grade, ki-67 expression, estrogen and progesterone receptors and HER2 
expression were well established and widely used in breast cancer care (1). In the last 
decade, a landmark study identified four different subtypes of breast cancer based on 
genetic expression profile, Ki67 expression, hormone receptors and HER2 expression 
(2). These subtypes currently guide treatment decisions regarding the use of adjuvant 
hormone therapy and chemotherapy in breast cancer patients (3).  
Recent advances in molecular biology and breast cancer genetics have 
contributed to the development of new predictive and prognostic tests for estrogen 
receptor-positive breast tumors (4-6). Research into the mechanism of HER2 and 
endocrine activities in breast cancer revealed a new important signaling pathway such 
as tensin and phosphatase homologous in chromosome 10 (PTEN), mammalian 
target of rapamycin (mTOR), phoshatidyl inositol 3 kinase (PI3K), insulin-like 
growth factor 1 (IGF-1R) and epidermal growth factor receptor (EGFR) (7-10).  
The proteins PTEN, mTOR, PI3K, IGF-1R and EGFR have intertwined 
functions and should be regarded as a system. In short, PTEN is a tumor 
suppressor gene that inhibits both PI3K and mTOR complexes (7). Mutation in 
PIK3CA, a catalytic subunit of PI3K, is commonly found in breast cancer (11). 
PIK3CA mutation was the most commonly genetic alteration found in Luminal A 
and B breast cancers, and its amplification was also commonly encountered in 
triple negative breast tumors (11). PTEN loss and PIK3CA mutation result in PI3K 
activation, deregulation, and subsequent cancer development and differentiation 
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(7). A seminal study using proteomic methods showed an association between 
PTEN loss and PIK3CA amplification with activation of the PI3K pathway in breast 
tumors (11). PI3K and mTOR also redirect signaling from EGFR, and IGF-1R to 
other pathways promoting differentiation and growth in breast cancer cells (8,12). 
Genetic alterations such as PTEN loss and PIK3CA mutation were considered a 
negative prognostic factor in breast cancer (13-15).  
Although some studies have analyzed the correlation between PTEN, 
mTOR, PI3K, IGF-1R, and EGFR genes alterations with poor prognosis in breast 
cancer (13-16), there is still a gap in the literature concerning the prognostic value 
of these proteins in the adjuvant setting. To our knowledge, only one study has 
evaluated the prognostic role of PTEN, mTOR, PI3K, IGF-1R, and EGFR proteins 
expression in the adjuvant setting of breast cancer (10). In that study, all patients 
were treated with anti-HER-2 therapy, and only IGF-1R expression was 
significantly associated with poor overall survival. The research of the prognostic 
value of these proteins expression may shed some light upon the development of 
new strategies in the adjuvant breast cancer treatment. 
In this study, we analyze the protein expression of PTEN, mTOR, PI3K, IGF-
1R and EGFR in a set of breast cancer samples from patients with long-term clinical 
follow-up treated in the adjuvant setting. Specifically, we evaluate (i) the frequency of 
these proteins expression, (ii) the correlation between these expressions with clinical 
and pathological features, and (iii) the association of these proteins expression with 
disease-free survival (DFS) and overall survival (OS). 
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Materials and Methods 
 
Patients 
 
The tumor samples were collected from 192 female patients with stage I, II and 
III breast cancer between 1994 and 2014 at the Women’s Hospital (CAISM) from the 
State University of Campinas (UNICAMP), Sao Paulo, Brazil. All patients were treated 
with surgery and 167 of them received adjuvant chemotherapy. Of the 192 patients: 
125 received adjuvant chemotherapy with doxorubicin 60 mg/m2 and 
cyclophosphamide 600 mg/m2 (AC) IV in six 21-day cycles; 15 received adjuvant 5-
fluorouracil 500 mg/m2, doxorubicin 50 mg/m2, cyclophosphamide 500 mg/m2 (FAC) 
IV in six 21-day cycles; 10 received adjuvant 5-fluorouracil 500 mg/m2, epirubicin 90 
mg/m2, cyclophosphamide 500 mg/m2 (FEC),  IV in six 21-day cycles;  17 received 
adjuvant 5-fluorouracil 600 mg/m2 days 1 and 8, methotrexate 40 mg/m2, 
cyclophosphamide 600 mg/m2 (CMF),  IV in six 21-day cycles; 2 received adjuvant 
Paclitaxel 175 mg/m2 , IV in six 21-day cycles; and 23 patients did not receive any 
adjuvant chemotherapy.  
Fourteen patients of the 192 analyzed cases received adjuvant Trastuzumab 
(Trastuzumab adjuvant therapy was added to the institution’s treatment protocol only 
in 2009). One hundred and two patients underwent adjuvant hormonal therapy with 
Tamoxifen and eight received Anastrozol. Patients were staged according to TNM 
2002 classification (17). The median follow-up for all patients was 7.18 years 
(interquartile range = 3.36 to 12.12 years). 
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All clinical and epidemiological data were retrieved from the hospital records 
according to the regulations of the local institutional review board (CEP 705/2007; 
1132/2008). 
 
Specimen characteristics   
 
The tumor samples collected from 192 patients before the initiation of adjuvant 
chemotherapy and/or hormonal therapy were assessed by Tissue Microarray (TMA) 
and Immunohistochemistry (IHC). In a nutshell, tissue cylinders of 1 mm diameter were 
taken from each tumor tissue block (the donor block), and transferred to two recipient 
paraffin blocks. The tissue samples brought into a TMA format were stained with 
Hematoxylin-Eosin (H&E). 
 
Assay methods 
 
For immunohistochemical staining, selected samples of TMA blocks were 
obtained. Sections were deparaffinized with xylol and dehydrated in alcohol series. 
Washes in hydrogen peroxide were performed, followed by distilled water washes. A 
Pascal Dako pressure cooker was used for antigen retrieval.  
The slide was immersed in EDTA (pH 8.9) for mTOR, PI3K, IGF-1R and EGFR 
antibodies, and in citrate buffer (pH 6.0) for PTEN antibody (Table 1). These antibodies 
were immersed for 30 minutes, dried at room temperature and washed in distilled 
water. After that, the slide was incubated in a moist chamber, with these specific 
primary antibodies against PTEN, mTOR, PI3K, IGF-1R and EGFR; at 4ºC, overnight. 
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The detailed information regarding pretreatment routines as well as additional 
information of the antibodies used in our study are shown in Table 1. The slide was, 
then, washed in PBS pH 7.4 – 7.6. As detection system, the slide was incubated in 
ADVANCE HRP Detection System (Dako) at 37ºC for 1 hour, and washed in PBS. 
After that, DAB chromogenic substrate was applied at the proportion 0.06g to 100ml 
of PBS, 500μl hydrogen 3% peroxide and 1ml dimethylsulfoxide at 37ºC for 5 minutes. 
Finally, the slide was washed in tapwater and counterstained with Harris’ hematoxylin 
for 30 at 60 seconds. After being dehydrated, it was mounted in resin. Internal and 
external, positive and negative controls were used in order to validate the reactions. 
Liver tissue served as external positive control for PTEN, mTOR, PI3K, IGF-1R, and 
lung adenocarcinoma was used as external positive control for EGFR (Fig.1). 
Immunohistochemically stained slides from each subject were reviewed by a 
single pathologist who was blinded to all clinical data. Each subject was analyzed in 
duplicate, using two TMA slides, as described above. In post-hoc analysis, if scores 
differed in the two TMA analyses, the stronger staining was considered.  
Because there is no established standard regarding PTEN, mTOR, PI3K, IGF-
1R and EGFR, the patterns used to assess PTEN, mTOR, PI3K, IGF-1R and EGFR 
expression in the present study were based on the commonly used patterns to assess 
the expression of HER-2 protein in breast cancer cells (18). The overall index of PTEN, 
mTOR, PI3K, IGF-1R and EGFR were determined. To examine the staining intensity 
of PTEN, mTOR, PI3K, IGF-1R and EGFR in breast cancer cells we use four 
patterns: 0, no staining; 1, weak staining; 2, moderate staining; and 3, strong staining. 
Then, positive cells were counted. The percentage of positive cells was scored as 
follows: 1, 1% staining; 2, staining in 2-10%; 3, staining in 11–30%; 4, staining in 31–
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69%; and 5, more than 70%. The final score ranging from 0 to 8 was the sum of the 
two scores, one achieved with the staining intensity, and another derived from the 
percentage of positive cells. For statistical purposes, a dichotomous classification of 
the proteins was arbitrarily determined, taking as threshold the median of the scores 
for each marker, since no standard cutoff points have been described so far.  
 
Statistical analysis  
 
All statistical calculations were performed with the R environment for 
statistical computing (19). Confidence levels were set to 5% (p=0.05). Chi-
squares (and Fisher’s T test where necessary) were used to compare the statuses 
of proteins as related to the main clinical and pathological features. Next, we used 
a multivariate Cox-Proportional Hazards model to determine the DFS and OS of 
the women as related to the expression of the proteins.  DFS was determined as 
the time elapsed from start of chemotherapy to the time of relapse (local or distant) 
or death from any cause, with censoring of patients who are lost to follow-up. OS 
was defined as the time interval between the start of chemotherapy and/or 
hormonal therapy and death from any cause or last follow-up.  
 
Results 
 
The immunohistochemical expression of PTEN, mTOR, PI3K, IGF-R and 
EGFR is shown in Figure 1. PTEN expression was present in 40.6% (77/190) of 
the tumors. mTOR expression was detected in 47.4% (90/190) of the breast 
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tumors. PI3K expression was found in 29.8% (57/191) of the samples. IGF-1R 
expression was identified in 35.8% (68/190) of the breast tumors. EGFR 
expression in the cell membrane of breast tumors was found in 25.7% (49/191) of 
the tumors.  
PTEN expression showed cytoplasmic and nuclear immunoreactivity (Fig.1 
(b)). mTOR expression cases revealed strong nuclear and cytoplasmic staining 
(Fig.1 (d)). Tumors harboring PI3K expression presented strong immunoreactivity 
at cell membrane and weak cytoplasmic staining (Fig.1 (f)). IGF-1R expression 
was detected in breast cancer cell membrane (Fig. 1 (h)). Complete absence of 
immunoreactivity was seen in EGFR negative tumors (Fig. 1 (i)). 
The clinicopathological data and its association with PTEN, mTOR, PI3K, 
IGF-R and EGFR proteins expression are summarized in Tables 2 and 3. Patients 
younger than 50 years of age at the time of diagnosis were statistically correlated 
with the presence of PTEN expression (p=0.03), and PI3K expression (p<0.01). 
The presence of larger tumors, i.e., T2 or greater breast cancer, was associated 
with PTEN expression (p=0.03). Positive lymph nodes were statistically 
associated with all proteins expression (p<0.01). Negative estrogen receptor was 
significantly correlated with EGFR expression (p=0.02), and negative 
progesterone receptor was significantly correlated with PI3K expression (p<0.01). 
Patients with EGFR expression tumors developed recurrence at distant sites such 
as bone, liver, lung, etc. more frequently (p<0.01). The other proteins were not 
associated with any specific site of recurrence. 
Table 4 shows the results of univariate and multivariate survival analyses.  
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Univariate analysis showed that worse DFS was associated with PI3K expression 
(HR= 0.88; 95%CI 0.78 to 0.99; p=0.04) and EGFR expression (HR= 1.16; 95%CI 
1.01 to 1.34; p=0.03); worse OS was associated with EGFR expression (HR= 
1.22; 95%CI 1.02 to 1.50; p=0.03). Multivariate analysis revealed that worse OS 
was significantly associated with PI3K expression (HR= 1.20; 95%CI 1.01 to 1.44; 
p=0.04), and EGFR expression (HR= 1.21; 95%CI 1.01 to 1.46; p=0.04). There 
was no significant association between PTEN, mTOR and IGFR expressions with 
DFS or OS. 
 
Discussion 
 
An important signaling pathway in breast cancer includes PTEN, PI3K, 
mTOR, IGF-1R and EGFR (8,9,10,20). In this study, we investigate the frequency 
of PI3K, mTOR, PTEN, IGF-1R and EGFR expressions, and their correlation with 
clinicopathological features and survival outcomes in breast cancer. The proteins 
expression analyzed in this study ranged approximately from 25% to 47%. mTOR 
was the most commonly expressed protein. It was identified in 47.4% of all 
analyzed cases, similarly to previous findings (10). In our study, EGFR expression 
was the least frequent protein. It was identified only in 25.7% of all cases, 
consistent with previous findings (21). 
In our cohort, PTEN expression was found in 40% of all cases, somewhat 
lower than previous results, where PTEN expression was found in 57.5% of breast 
cancer patients (22). Our finding can redirect attention to PTEN as a protein target, 
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once novel therapeutics harboring PTEN loss are currently under investigation 
(23). 
In this study, PI3K expression was detected in almost 30% of our patients. 
In the literature, little attention has been devoted to the investigation of PI3K 
signaling pathway activation in breast cancer using proteomic assays of PI3K 
(10), like we did in our study. The Cancer Genome Atlas study analyzed protein 
expression levels in breast cancer by Reverse Phase Protein Arrays (RPPA). That 
study demonstrates an association between important genetic alterations such as 
PTEN loss and PIK3CA amplification with the activation of PI3K pathway (11). 
The majority of studies have investigated the PI3K pathway activation in breast 
cancer analyzing PIK3CA gene mutation. PIK3CA mutations were reported in up 
to 40% of newly diagnosed breast cancer patients (13,24). 
In our study, IGF-1R expression was found in 35.8% of all cases. Previous 
study has reported a somewhat higher rate, 43.8% of breast cancer patients (25). 
Our finding can reinforce IGF-1R as an attractive target for therapeutic 
intervention, due to its association with PI3K, mTOR and PTEN signaling 
pathways. The activation of IGF-1R and its downstream signaling pathways such 
as PI3K/AKT/mTOR in breast cancer enhance proliferation, survival, 
transformation, metastases, and angiogenesis (12). Monoclonal antibodies and 
tyrosine kinase inhibitors targeting IGF-1R are currently in clinical development 
for cancer (26). 
There are some interesting findings in the correlation of the protein 
expressions with clinical and pathological features. All proteins expression was 
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significantly associated with lymph node positivity. Only mTOR expression was 
reported to be associated with this feature in the literature (10).  
Based on our results, the expression of PTEN, PI3K, and EGFR could 
represent a more aggressive type of breast cancer, as they are strongly 
associated with clinical and pathological features of poor prognosis. In our study, 
PTEN and PI3K expression was related to younger age at diagnosis. Only PTEN 
expression was associated with the presence of larger tumors. These 
associations were not previously described. The correlation between PI3K 
expression and negative progesterone receptor, found in our study, was already 
reported for PIK3CA expression (27).  
In our study, EGFR expression was linked to estrogen receptor negative 
tumors, consistent with previous findings (28). The coexpression of EGFR and 
HER2 is commonly related to higher histological grade and estrogen receptor 
negativity (29,30). EGFR and HER2 coexpression in breast cancer may have a 
possible detrimental effect in Trastuzumab treatment (31). In our cohort, the 
coexpression of EGFR and HER2 was not significantly associated with any 
specific clinical or pathological features nor was a predictor of DFS and OS. Due 
to the small number of patients who underwent adjuvant Trastuzumab in our 
study, we were unable to verify any correlation between EGFR and HER-2 
expression with this treatment. The positive association between EGFR 
expression and recurrence at distant sites was not previously described. 
As previously established, PI3K, PTEN and mTOR pathway abnormalities 
are present in breast cancer, and their signaling is associated with resistance to 
endocrine therapies, such as Tamoxifen and HER-2 targeted therapies (9,13, 32). 
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In our study, the aforementioned biomarkers were not correlated with endocrine 
and anti-HER2 therapies.  
The clinical and pathological features that translate PI3K and EGFR into a 
more aggressive type of breast cancer were confirmed in our study by survival 
analyses.  We found that breast cancer patients whose tumors harbor PI3K and 
EGFR expressions were statistically associated with poor DFS and poor OS. 
Previous studies have reported similar associations between PI3K activation and 
survival outcomes (10,27,33). A study using immunohistochemistry methods, 
found that the positive expression of PIK3CA was associated with poor disease 
free survival and poor breast cancer specific survival (27). Aligned with previous 
studies (10), our results indicate that PTEN expression was not significantly 
related to DFS or OS in breast cancer.  
The evidence between the associations of EGFR expression with survival 
outcomes in breast cancer is growing. Our study demonstrated an association 
between EGFR expression and worse DFS and OS. It has been demonstrated 
that EGFR expression in high-risk breast cancer was associated with worse 
relapse-free survival and overall survival (34).  
Another study showed that EGFR expression analyzed by a different 
methodology was correlated with higher risk of recurrence in breast cancer 
patients who underwent adjuvant therapy (21). Breast carcinomas harboring 
EGFR expression and phosphorylated EGFR expression were also associated 
with worse survival outcomes (35).  
In our study, we did not find any significant association between IGF-1R 
expression and survival outcomes. The prognostic role of IGF-1R expression in 
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breast cancer is not already established in the literature. While in hormone 
positive breast cancer, IGF-1R expression is taken as positive prognostic 
biomarker, in triple-negative breast tumors, IGF-1R expression is taken as 
negative prognostic biomarker (15). There is growing evidence that the interaction 
between IGF-1R and EGFR frequently occurs in breast cancer cells and is related 
to poor outcomes (10,36,29). In our study, we did not find any significant 
association between the coexpression of IGF-1R and EGFR with survival 
outcomes. 
Currently, there is only one agent approved for breast cancer treatment 
targeting the proteins analyzed in this study. This agent is everolimus, an mTOR 
inhibitor, which is already approved for use in metastatic hormone positive breast 
cancer (20,37) and under evaluation for use in adjuvant breast cancer setting (38). 
There is a growing effort to target these proteins pathway in breast cancer. One 
of the most promising agents under development is Buparlisib, a new oral pan-
PI3K inhibitor (39).  
The main limitation of this study was the small number of patients who 
underwent adjuvant trastuzumab therapy. Due to this limitation, we were unable 
to verify any association between these proteins expression and worse survival 
outcomes in Trastuzumab treated patients, as reported in the literature (8,40).       
One of the strengths of this study was the ability to analyze these proteins 
expression in a cohort of breast cancer patients with long follow-up treated in the 
adjuvant setting in one single institution. Another strength was the possibility to 
establish the frequencies of these proteins and their correlations with 
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clinicopathological features and survival outcomes in adjuvant breast cancer. To 
our knowledge, we were the first to describe these associations.   
The immunohistochemical characterization of PI3K as an independent 
negative prognostic factor for DFS and OS, reported in our study, as far as we are 
concerned, was also not previously described. Several candidate prognostic and 
predictive biomarkers have been reported in the literature, but just a few with 
proven clinical significance. Our study adds to the scant literature, as it provides 
evidence for a potential clinical role for PI3K and EGFR expression in breast 
cancer.  As demonstrated in our study, PI3K and EGFR expression emerge as 
negative prognostic biomarkers in breast cancer. 
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Fig. 1   PTEN, mTOR, PI3K, IGF-1R, and EGFR expression in breast cancer by immunohistochemistry. (a) Representative 
case of breast cancer exhibits negative staining for PTEN. Original magnification, x 200. (b) Representative case of breast 
cancer exhibits positive staining for PTEN (cytoplasmic and nuclear pattern). Original magnification, x 200. (c) 
Representative case of breast cancer exhibits negative staining for mTOR (only some nuclei are weakly positive; no 
cytoplasmic signal is seen). Original magnification, x 200. (d) Representative case of breast cancer exhibits positive staining 
for mTOR (with strong nuclear and cytoplasmic staining). Original magnification, x 200. (e) Representative case of breast 
cancer exhibits negative staining for PI3K. Original magnification, x 200. (f) Representative case of breast cancer exhibits 
positive staining for PI3K (strong signal at the cell membrane and weak cytoplasmic signal). Original magnification, x 200. 
(g)  Representative case of breast cancer exhibits negative staining for IGF-1R (scant neoplastic cells were weakly positive). 
Original magnification, x 200. (h) Representative case of breast cancer exhibits positive staining for IGF-1R. Original 
magnification, x 200. (i) Representative case of breast cancer exhibits negative staining for EGFR. Original magnification, 
x 200. (j) Representative case of positive EGFR, a positive control of immunohistochemical reaction consisted of a lung 
adenocarcinoma. Original magnification, x 200.  
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Abstract   
 
Background: PD-L1 and PD-L2 constitute an important antitumor immune 
response. In breast cancer, their prognostic value is still to be defined. In 
this study, we investigate the correlation between PD-L1 and PD-L2 
proteins expression with clinical and pathological features, and disease-
free survival (DFS) and overall survival (OS).  
Methods: In order to assess these proteins expression, we conducted an 
immunohistochemistry study using a tissue microarray encompassing 192 
breast cancer cases, stages I, II and III, treated between 1994 and 2014 at 
the Women’s Hospital (CAISM) from UNICAMP. All clinical and outcome 
data were retrieved from medical charts. Adjuvant therapy was 
administered according to the institution’s treatment protocol. 
Results: PD-L1 expression was present in 56.7% (107/189), and PD-L2 
expression was identified in 50.8% (97/192) of breast cancer cases. 
Younger age at diagnosis, lymph node positivity, estrogen negative 
receptor, and recurrence at distant sites were all associated with both PD-
L1 and PD-L2 expression. The presence of larger tumors and higher 
histological grade were both associated with PD-L1 expression. In our 
study, PD-L1 expression was significantly associated with better OS 
(p=0.04) in breast cancer patients. 
Conclusion: Despite its association with poor clinical and pathological 
features, PD-L1 expression emerges as a positive prognostic biomarker in 
breast cancer.  
 
Keywords: breast cancer; PD-L1; PD-L2; survival. 
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Introduction 
 
 For many years, there were few immunotherapy options for cancer treatment. 
Recently, immunotherapy has emerged as a promising therapeutic option especially 
for highly immunogenic tumors such as malignant melanoma, squamous non-small 
cell lung cancer and urothelial cancers (1,2). 
Despite there were some well-known predictive and prognostic factors in breast 
cancer (hormone receptors and HER-2) (3), in the immune field, breast cancer is one 
of the less immunogenic tumors. The immune system recognizes breast cancer cells 
as soon as they emerge. Triple-negative and basal-like breast cancer usually exhibits 
inflammatory cells and infiltration by T Cells.  Breast cancer cells use immune 
pathways to evade antitumor immune responses to grow progressively and to 
metastasize (4). 
One of the most important immune pathways is the programmed cell death 1 
(PD-1) protein. PD-1 is constitutively expressed on the surface of T cells, and controls 
immune reactions (5). PD-1 has two ligands: programmed death-ligand 1 (PD-L1) and 
programmed death-ligand 2 (PD-L2) (6). Both are expressed in tumor infiltrating 
limphocytes and in other tumor types including breast, lung, kidney and malignant 
melanoma (7,8). PD-L1 expression is associated with poor prognosis in pancreatic 
and renal cell cancers (7).  
The interaction between PD-1 and its ligands, PD-L1 and PD-L2, inhibits T cells 
blocking immune responses against cancer cells. PD-L1 expression is present in 
breast tumors and tumor infiltrating lymphocytes, but not in healthy breast tissue (9).  
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Based on preclinical and clinical data, the immune checkpoint inhibition of PD-
L1 and PD-L2 emerges as a reliable therapeutic option in several tumor types, such 
as malignant melanoma and squamous non-small cell lung cancer (10,11). A pivotal 
phase I study utilizing an anti-PD-1 monoclonal antibody in heavily pretreated patients 
with distinct tumor types reported objective responses ranging from 6 to 38%. In that 
study, patients whose tumors harbor PD-L1 expression had higher and durable 
responses (10). Another phase I study using an anti-PD-L1 monoclonal antibody in 
heavily pretreated cancer patients showed responses ranging from 6 to 17%; some of 
them demonstrated prolonged disease stabilization (11).  
The analysis of PD-L1 and PD-L2 expression can reveal important implications 
for breast cancer treatment. Currently, there are two approved monoclonal antibodies 
against PD-1 for cancer therapy in United States, and several ongoing clinical trials 
with monoclonal antibodies targeting PD-1 and PD-L1 (12).  
The aim of this study is to investigate whether PD-L1 and/or PD-L2 expression 
(i) is associated with clinical and/or pathological features, and (ii) is a predictor of 
disease-free survival (DFS) and/or overall survival (OS). Our results may shed some 
light upon the prognostic significance of PD-L1 and PD-L2 expression patterns in 
breast cancer patients.  
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Materials and Methods 
 
Patients 
 
 The tumor samples were collected from 192 female patients with stage I, II and 
III breast cancer between 1994 and 2014 at the Women’s Hospital (CAISM) from the 
State University of Campinas (UNICAMP), Sao Paulo, Brazil. All patients were treated 
with surgery and 167 of them received adjuvant chemotherapy. Of the 192 patients: 
125 received adjuvant chemotherapy with doxorubicin 60 mg/m2 and 
cyclophosphamide 600 mg/m2 (AC) IV in six 21-day cycles; 15 received adjuvant 5-
fluorouracil 500 mg/m2, doxorubicin 50 mg/m2, cyclophosphamide 500 mg/m2 (FAC) 
IV in six 21-day cycles; 10 received adjuvant 5-fluorouracil 500 mg/m2, epirubicin 90 
mg/m2, cyclophosphamide 500 mg/m2 (FEC),  IV in six 21-day cycles;  17 received 
adjuvant 5-fluorouracil 600 mg/m2 days 1 and 8, methotrexate 40 mg/m2, 
cyclophosphamide 600 mg/m2 (CMF),  IV in six 21-day cycles; 2 received adjuvant 
Paclitaxel 175 mg/m2 , IV in six 21-day cycles; and 23 patients did not receive any 
adjuvant chemotherapy.  
Fourteen patients of the 192 analyzed cases received adjuvant Trastuzumab 
(Trastuzumab adjuvant therapy was added to the institution’s treatment protocol only 
in 2009). One hundred and two patients underwent adjuvant hormonal therapy with 
Tamoxifen and eight received Anastrozol. Patients were staged according to TNM 
2002 classification (13). The median follow-up for all patients was 7.18 years 
(interquartile range = 3.36 to 12.12 years). 
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All clinical and epidemiological data were retrieved from the hospital records 
according to the regulations of the local institutional review board (CEP 705/2007; 
1132/2008). 
 
Specimen characteristics 
 
The tumor samples collected from 192 patients before the initiation of adjuvant 
chemotherapy and/or hormonal therapy were assessed by Tissue Microarray (TMA) 
and Immunohistochemistry (IHC). In a nutshell, tissue cylinders of 1 mm diameter were 
taken from each tumor tissue block (the donor block), and transferred to two recipient 
paraffin blocks. The tissue samples brought into a TMA format were stained with 
Hematoxylin-Eosin (H&E). 
 
Assay methods 
 
For immunohistochemical staining, selected samples of TMA blocks were 
obtained. Sections were deparaffinized with xylol and dehydrated in alcohol series. 
Washes in hydrogen peroxide were performed, followed by distilled water washes. A 
Pascal Dako pressure cooker was used for antigen retrieval. The slide was immersed 
in EDTA (pH 8.9) for 30 minutes, dried at room temperature and washed in distilled 
water. After that, the slide was incubated in a moist chamber, with these specifics 
primary antibodies, a rabbit anti-PD-L1 polyclonal antibody (Abcam, Cambrigde, USA), 
and a rabbit anti-PD-L2 polyclonal antibody (Abcam, Cambrigde, USA), at 4ºC 
overnight. The antibodies were diluted as follows: 1:200 for anti-PD-L1, and 1:100 for 
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anti-PD-L2. The slide was then washed in PBS pH 7.4 – 7.6. As detection system, the 
slide was incubated in ADVANCE HRP Detection System (Dako, Carpinteria, USA) at 
37ºC for 1 hour, and washed in PBS. After that, DAB chromogenic substrate was 
applied at the proportion 0.06g to 100ml of PBS, 500μl hydrogen 3% peroxide and 1ml 
dimethylsulfoxide at 37ºC for 5 minutes. Finally, the slide was washed in tapwater and 
counterstained with Harris’ hematoxylin for 30 at 60 seconds. After being dehydrated, 
it was mounted in resin. Internal and external, positive and negative controls were used 
in order to validate the reactions. The antibodies utilized in this study were both 
validated using liver tissue as external positive controls. 
Immunohistochemically stained slides from each subject were reviewed by a 
single pathologist who was blinded to all clinical data. Each subject was analyzed in 
duplicate, using two TMA slides, as described above. In post-hoc analysis, if scores 
differed in the two TMA analyses, the stronger staining was considered.  
Because there is no established standard regarding PD-L1 and PD-L2, the 
patterns used to assess the PD-L1 and PD-L2 expression in the present study were 
based on the commonly used patterns to assess the expression of HER-2 protein in 
breast cancer cells (14). The overall index of PD-L1 and PD-L2 were determined. To 
examine the staining intensity of PD-L1 and PD-L2 in breast cancer cells, we used four 
patterns: 0, no staining; 1, weak staining; 2, moderate staining; and 3, strong staining. 
Then, positive cells were counted. The percentage of positive cells was scored as 
follows: 1, 1% staining; 2, staining in 2-10%; 3, staining in 11–30%; 4, staining in 31–
69%; and 5, more than 70%. The final score ranging from 0 to 8 was the sum of the 
two scores, one achieved with the staining intensity, and another derived from the 
percentage of positive cells. For statistical purposes, a dichotomous classification of 
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the proteins was arbitrarily determined, taking as threshold the median of the scores 
for each marker, since no standard cutoff points have been described so far.  
 
Statistical analysis methods 
 
All statistical calculations were performed with the R environment for statistical 
computing (15). Confidence levels were set to 5% (p=0.05). Chi-squares (and Fisher’s 
T test where necessary) were used to compare the statuses of proteins as related to 
the main clinical and pathological features. Next, we used a multivariate Cox-
Proportional Hazards model to determine the DFS and OS of the women as related to 
the expression of the proteins.  DFS was determined as the time elapsed from start of 
chemotherapy to the time of relapse (local or distant) or death from any cause, with 
censoring of patients who are lost to follow-up. OS was defined as the time interval 
between the start of chemotherapy and/or hormonal therapy and death from any cause 
or last follow-up. 
 
Results 
 
Figure 1 shows a representative example of PD-L1 and PD-L2 
immunohistochemical expression. PD-L1 expression was present in 56.7% 
(107/189) of the breast tumors. PD-L2 expression was identified in 50.8% 
(97/192) of the breast tumors. PD-L1 expression revealed strong 
immunoreactivity at cell membrane and cytoplasmic staining (Fig.1 (b)). PD-L2 
expression showed cytoplasmic and nuclear immunoreactivity (Fig.1 (d)). 
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The clinicopathological data and its association with PD-L1 and PD-L2 
proteins expression are summarized in Table 1. Patients younger than 50 years 
of age at the time of diagnosis were statistically correlated with the presence of 
PD-L1 expression (p<0.01), and PD-L2 expression (p<0.01). The presence of 
larger tumors, i.e., T2 or greater breast cancer, was associated with PD-L1 
expression (p<0.01). Positive lymph nodes were statistically associated with both 
proteins expression (p<0.01). Higher histological grade was significantly 
associated with PD-L1 expression (p<0.01). Negative estrogen receptor was 
significantly correlated with both PD-L1 (p<0.01) and PD-L2 (p=0.03). HER-2 
expression was associated with PD-L2 expression (p<0.01). Patients with PD-L1 
and PD-L2 expression tumors developed recurrence at distant sites such as bone, 
liver, lung, etc. more frequently (p<0.01).  
Table 2 shows the results of multivariate survival analysis. Multivariate 
survival analysis showed that PD-L1 expression was associated with improved 
OS (HR= 0.30; 95%CI 0.09 to 0.94; p=0.04). There was no significant association 
between PD-L2 with DFS or OS. 
Figures 2 and 3 respectively show the DFS and OS survival curves of PD-
L1 and PD-L2 expression in breast cancer patients. 
 
Discussion 
 
In our cohort, PD-L1 expression was significantly associated with better OS 
in breast cancer patients, but not with DFS. PD-L2 expression was not correlated 
with DFS or OS in the study population. This result suggests that PD-L1 
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expression might translate into a good prognostic biomarker for OS in breast 
cancer. PD-L1 expression is associated with poor prognosis in pancreatic and renal 
cell cancers (7). The characterization of PD-L1 expression as a negative 
prognostic factor of poor outcomes in breast cancer and other tumor types is 
already known (16,17). However, recent reports found quite the opposite. PD-L1 
expression was associated with better outcomes in different tumor types including 
colorectal cancer and non-small cell lung cancer (18,19).  
In our study, we found a positive association between PD-L1 expression 
and better survival outcome, consistent to previous findings. A study analyzing 
PD-L1 expression in 636 breast tumors using in situ hybridization with quantitative 
florescence found that PD-L1 expression was significantly associated with longer 
recurrence free survival (20).  Another study analyzed PD-L1 mRNA expression 
in 45 breast cancer cell lines and 5454 breast tumors utilizing DNA microarrays 
found that PD-L1 expression was significantly correlated with better survival (21). 
The largest cohort already published in the literature analyzed 3916 breast tumors 
and found a significant association between PD-L1 expression and longer disease 
specific survival in ER negative disease (22). 
The survival relationship between PD-L1 expression in breast cancer and 
better outcomes could be explained by the presence of a strong antitumor immune 
response leading to PD-L1 upregulation in several tumor types (20). One study 
demonstrated that PD-L1 expression in the surface of tumor cells was due to the 
presence of CD8-positive T cells. As part of the antitumor immune response, the 
CD8-positive T cells release several citokines including interferon gama. Thus, it 
is the immune system that upregulates the PD-L1 expression in tumor cells (23). 
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Breast cancer tumors harboring PD-L1 expression was frequently associated with 
a high number of CD8-positive T cells (24,25). A high expression of interferon 
gama is also found between breast cancer cells expressing PD-L1 and immune 
cells (25).    
In our study, the expression of PD-L1 was present in 56.7% of breast 
cancer cases, somewhat higher than published values (9, 17). This could be due 
to the adoption of distinct immunohistochemical staining and frequency patterns. 
The frequency of PD-L1 expression in breast cancer reported in the literature 
varies considerably as there is no standard immunohistochemical technique to 
assess this protein expression (20). A study showed that PD-L1 expression was 
found in 33% of breast cancer patients (26). A retrospective cohort of 650 breast 
cancer patients demonstrated that PD-L1 expression was present in 23.4% of 
cases (17). A very recent study analyzing 3.916 breast tumors found that the PD-
L1 expression, analyzed by immunohistochemistry, is present in only 1.7% of the 
total cases (22). A study reported a PD-L1 mRNA expression in 58% of breast 
cancer patients (20), somewhat similar to the PD-L1 protein expression found in 
our cohort.  
The association of PD-L1 expression with higher tumor grade and ER 
negativity found in our study was already described in the literature (9). Previous 
studies reported that PD-L1 expression was strongly associated with higher 
histological grade, high ki-67 expression, HER2 expression and the absence of 
estrogen and progesterone receptor expression (21,26). Aligned with others, we 
also found that PD-L1 expression was related to younger age, larger tumors and 
lymph node positivity (9,17).  
  
 71     
PD-L2 expression was correlated with younger age at diagnosis, ER 
negative tumors, and HER-2 overexpression. In our cohort, we noticed that PD-
L1 and PD-L2 expression was significantly correlated with recurrence at distant 
sites. As far as we are concerned, this result was not previously described. 
  The presence of strong PD-L1 and PD-L2 expression in the cell 
membrane, found in our study, could be due to the activation of important 
signaling pathways in breast cancer cells. A key signaling pathway in breast 
cancer includes PTEN, PI3K, and mTOR (27-29). It was found that PTEN loss 
and PI3K activation lead to the upregulation of PD-L1 in the cell membrane of 
breast cancer cells (25).  
As previously described, the immune checkpoint inhibition of PD-L1 
emerges as a reliable therapeutic option in several tumor types including breast 
cancer. A very recent phase I study utilizing an investigational anti-PD-L1 
monoclonal antibody in pretreated metastatic triple-negative breast cancer 
patients demonstrated that the antibody was effective and well-tolerated (30). 
Currently, there are some ongoing clinical trials with monoclonal antibody 
targeting PD-L1 in breast cancer, metastatic malignant melanoma, squamous 
non-small cell lung cancer and renal cell cancer (12,30,31). Several candidate 
prognostic and predictive biomarkers in breast cancer have been reported in the 
literature, but just a few with proven clinical significance. The encouraging results 
with monoclonal antibody targeting PD-L1 suggest that this therapy could be 
implemented in breast cancer, particularly in patients with PD-L1 expression (21).  
In our study, PD-L1 expression, found in almost 50% of breast cancer 
patients, can become a reliable target for cancer therapy and hence be a 
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predictive biomarker. Further studies investigating the potential interactions 
between PD-L1 expression and anti-PD-L1 antibodies are recommended.  
Despite its association with poor clinical and pathological features, PD-L1 
expression emerges as a positive prognostic biomarker in breast cancer. This 
survival result can be due to the presence of a strong antitumor immune response 
leading to PD-L1 expression.  
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      Table 1 – Clinical and pathological characteristics and PD-L1 and PD-L2 expression  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
*=significantly associated
Characteristic PDL1         PDL2         
 Negative  Positive  p Negative  Positive  p 
Age (mean, sd) 54.5 (14.2) 48.3 (10.5) <0.01* 53.3 (13.5) 48.2 (11.1) <0.01* 
           
T           
1 25 (30.5) 32 (29.9) <0.01* 29 (30.9) 29 (29.9) 1 
>2 57 (69.5) 75 (70.1)  65 (69.1) 68 (70.1)  
           
N           
0 42 (51.2) 20 (18.7) <0.01* 48 (51.1) 15 (15.5) <0.01* 
≥1  40 (48.8) 87 (81.3)  46 (48.9) 82 (84.5)  
           
Grade           
1 or 2 17 (25.8) 16 (15.5) 0.15 15 (19.5) 19 (20.2) 1 
3 49 (74.2) 87 (84.5)  62 (80.5) 75 (79.8)  
           
Estrogen receptor           
Negative 21 (29.6) 62 (58.5) <0.01* 31 (37.8) 53 (54.6) 0.03* 
Positive 50 (70.4) 44 (41.5)  51 (62.2) 44 (45.4)  
           
Progesterone 
receptor           
Negative 30 (42.3) 58 (54.7) 0.14 41 (50) 50 (51.5) 0.95 
Positive 41 (57.7) 48 (45.3)  41 (50) 47 (48.5)  
           
HER2           
Negative 60 (87) 90 (84.9) 0.87 80 (98.8) 81 (84.4) <0.01* 
Positive 9 (13) 16 (15.1)  1 (1.2) 15 (15.6)  
           
Relapse           
No 66 (80.5) 57 (53.3) <0.01* 76 (80.9) 49 (50.5) <0.01* 
Local/Regional only 3 (15.9) 46 (43.0)  2 (2.1) 5 (5.2)  
Distant 13 (3.7) 4 (3.7)   16 (17) 43 (44.3)   
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Table 2 – Multivariate analyses of PD-L1 and PD-L2 expression    
 
Characteristic Disease-free survival Overall survival 
                            HR CI95%         p HR       CI95%                 p 
 
Age (mean, sd)           
<50 0.86 (0.50 to 1.47) 0.59 0.79 (0.36 to 1.74) 0.56 
>50       
           
T           
1 1.76 (0.92 to 3.38) 0.08 3.11 (1.06 to 9.1) 0.03* 
>2       
           
N           
0 0.95 (0.49 to 1.83) 0.88 0.69 (0.28 to 1.67) 0.41 
≥1        
           
Grade           
1 or 2 0.98 (0.49 to 1.97) 0.97 1.74 (0.57 to 5.27) 0.32 
3       
           
Estrogen receptor          
Negative       
Positive 1.37 (0.79 to 2.38) 0.59 0.96 (0.43 to 2.16) 0.93 
           
HER2           
Negative 0.64 (0.28 to 1.45) 0.28 1.61 (0.62 to 4.16) 0.32 
Positive       
           
PDL1           
Negative       
Positive 0.84 (0.39 to 1.83) 0.67 0.30 (0.09 to 0.94) 0.04* 
           
PDL2           
Negative       
Positive 1.35 (0.67 to 2.71) 0.39 1.72 (0.57 to 5.17) 0.32 
 
*=significantly associated
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(a) (b) 
 
  
(c) (d) 
 
Fig. 1   PD-L1 and PD-L2 expression in breast cancer by immunohistochemistry. (a) Representative case of 
breast cancer exhibits negative staining for PD-L1. Original magnification, x 200. (b) Representative case of 
breast cancer exhibits positive staining for PD-L1. Original magnification, x 200.  (c) Representative case of 
breast cancer exhibits negative staining for PD-L2. Original magnification, x 200. (d) Representative case of 
breast cancer exhibits positive staining for PD-L2. Original magnification, x 200. 
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Fig. 2 – Kaplan-Meier Curve of Disease-Free Survival (DFS) based upon PD-L1 and PD-L2 expressions. (i) PD-L1 negative vs. 
positive expression. (ii) PD-L2 negative vs. positive expression.  
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Fig. 3 – Kaplan-Meier Curve of Overall Survival (OS) based upon PD-L1 and PD-L2 expressions. (i) PD-L1 negative vs. 
positive expression. (ii) PD-L2 negative vs. positive expression.  
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4. Discussão 
 
Uma importante via de sinalização em câncer de mama é a constituída 
pelas proteínas PTEN, mTOR, PI3K, IGF-1R e EGFR (Berns et al., 2007; 
Akcakanat et al., 2008; Gallardo et al., 2012; Hortobagyi, 2015). A análise da 
expressão dessas proteínas e sua correlação com características clínicas, 
patológicas e com sobrevida em câncer de mama adjuvante é necessária para 
que o valor prognóstico dessas proteínas, ainda não estabelecido na literatura, 
possa ser melhor compreendido. Em nosso estudo, a expressão das proteínas 
PTEN, mTOR, PI3K, IGF-1R e EGFR variou entre 25% e 47%, aproximadamente. 
A proteína que foi expressa com mais frequência foi mTOR, identificada em 
47.4% dos casos, e a menos frequente foi EGFR, detectada em 25.7% dos casos. 
Este último resultado foi consistente com relato prévio da literatura (Rimawi et al., 
2010). Em nossa coorte, a expressão de PTEN foi detectada em 40.6% dos 
casos, índice menor ao previamente publicado de 57.5% (Zhang et al., 2013).  
A expressão de PI3K foi identificada em 29.8% das pacientes. Essa 
proteína tem sido pouco analisada em câncer de mama por meio de métodos de 
estudos proteômicos (Gallardo et al., 2012), como o realizado em nossa 
pesquisa. Análise proteômica realizada em estudo de referência encontrou 
associação entre a ativação da via PI3K e alterações genéticas importantes como 
perda de função de PTEN e a amplificação de PIK3CA (The Cancer Genome 
Atlas Network, 2012). A maioria dos estudos tem investigado a proteína PI3K em 
câncer de mama através da análise da mutação do gene PIK3CA. Estudos 
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anteriores mostram a mutação de PIK3CA em até 40% dos casos de câncer de 
mama (Buttita et al., 2006; Saal et al., 2005). Em nossa pesquisa, a expressão 
de IGF-1R foi encontrada em 35.8% dos casos, valor semelhante aos 43.8%, que 
foi previamente publicado (Shimizu et al., 2004). 
A taxa de expressão de IGF-1R detectada em nosso estudo reforça o valor 
dessa proteína como um potencial alvo de tratamento, dada a sua participação 
na via de sinalização composta por PTEN, mTOR e PI3K. A ativação de IGF-1R 
leva à ativação dessa via de sinalização que, por sua vez, promove a proliferação, 
sobrevida, transformação, metastatização e angiogênese do câncer de mama 
(Pollak et al., 2008). 
Em nosso estudo, a associação entre a expressão das proteínas PTEN, 
PI3K, mTOR, IGF-1R e EGFR e características clínicas e patológicas das 
pacientes levou a resultados interessantes. A expressão de todas essas 
proteínas foi significativamente associada à presença de linfonodos positivos. 
Essa associação só havia sido previamente relatada na literatura para mTOR 
(Gallardo et al., 2012). 
Com base em nossos resultados, a expressão de PTEN, PI3K e EGFR 
pode representar um fenótipo mais agressivo de câncer de mama, uma vez que 
a expressão destas proteínas está significativamente correlacionada a 
características clínicas e patológicas de pior prognóstico.  
A expressão de PTEN e PI3K em nossa coorte foi associada a idade mais 
jovem ao diagnóstico. Somente a expressão de PTEN foi associada à presença 
de tumores maiores ou iguais à T2. Essas associações não foram previamente 
descritas na literatura. A correlação entre a expressão de PI3K e o receptor de 
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progesterona negativo foi relatada somente para a expressão de PIK3CA 
(Aleskandaray et al., 2010). 
A expressão de EGFR em nossa pesquisa foi associada à presença de 
receptor de estrógeno negativo, de modo análogo a estudos prévios (Livasy et 
al., 2006). 
Em nossa coorte, a expressão de EGFR e HER2 não foi significativamente 
associada a nenhuma característica clínica ou patológica e nem a sobrevida. A 
expressão conjunta de EGFR e HER2 já havia sido associada ao alto grau 
histológico e à presença de receptor de estrógeno negativo (Abd El-Rehim et al., 
2004; Fiszman et al., 2011). Essa expressão em câncer de mama pode ter efeito 
deletério ao tratamento com Trastuzumabe (Lee et al., 2015). Devido à pequena 
quantidade de pacientes que receberam Trastuzumabe na adjuvância, não foi 
possível estabelecer em nosso estudo nenhuma associação entre a expressão 
conjunta de EGFR e HER2 e esta terapia. A associação entre a expressão de 
EGFR e a recorrência à distância, encontrada em nosso estudo, não havia sido 
previamente descrita.  
A ativação das vias de sinalização PTEN, mTOR e PI3K em câncer de 
mama está associada ao desenvolvimento de resistência à terapia hormonal 
baseada em agentes como o Tamoxifeno e também à terapia alvo anti-HER-2 
(Saal et al., 2005; Akcakanat et al., 2008; Ojo et al., 2015). Em nosso estudo, não 
foi encontrada nenhuma correlação entre a expressão das proteínas PTEN, 
mTOR e PI3K e hormonioterapia e terapia baseada em Trastuzumabe. 
Dada a sua associação com características clínicas e patológicas, a 
expressão de PI3K e EGFR pode representar um fenótipo mais agressivo de 
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câncer de mama. Em nosso estudo, essa representação pôde ser confirmada 
pela análise de sobrevida. As pacientes portadoras de câncer de mama, cujos 
tumores expressavam PI3K e EGFR, apresentaram pior sobrevida livre de 
progressão e pior sobrevida global. 
Estudos prévios relataram associações semelhantes entre a ativação da 
via PI3K e pior sobrevida (Aleskandarany et al., 2010; Deng et al., 2015; Gallardo 
et al. 2012). Um estudo que utilizou imunohistoquímica encontrou uma 
associação entre a expressão de PIK3CA e pior sobrevida livre de doença e pior 
sobrevida específica em câncer de mama (Aleskandarany et al., 2010). 
Alinhado com estudos prévios (Gallardo et al., 2012), nossos resultados 
indicam que a expressão de PTEN não foi significativamente associada à 
sobrevida livre de progressão nem à sobrevida global em câncer de mama. 
Há uma crescente evidência na literatura da associação entre a expressão 
de EGFR e a pior sobrevida. A associação entre a expressão de EGFR e a pior 
sobrevida já havia sido relatada anteriormente (Nieto et al., 2007; Rimawi et al., 
2010). Um estudo demonstrou que as pacientes portadoras de câncer de mama 
de alto risco que expressavam EGFR e que foram submetidas ao tratamento 
adjuvante apresentaram pior sobrevida global e pior sobrevida livre de 
progressão (Rimawi et al., 2010). Outro estudo que analisou a expressão de 
EGFR por diferente metodologia demonstrou que a expressão de EGFR em 
pacientes portadoras de câncer de mama que haviam realizado terapia adjuvante 
foi associada a um maior risco de recorrência (Rimawi et al., 2010). 
Em nosso estudo não foi encontrada nenhuma associação entre a 
expressão de IGF-1R e sobrevida. O papel de IGF-1R como fator prognóstico em 
  
85 
câncer de mama é controverso. Um estudo recentemente publicado demonstrou 
que a expressão conjunta entre IGF-1R e receptores hormonais caracteriza IGF-
1R como marcador de bom prognóstico; já a expressão de IGF-1R em tumores 
triplo negativos caracteriza IGF-1R como marcador de mau prognóstico (Yan et 
al., 2015). A interação entre IGF-1R e EGFR ocorre frequentemente em células 
de câncer de mama e é comumente associada à pior sobrevida (Lu et al., 2001; 
Gallardo et al., 2012). Em nosso estudo, essa associação não foi detectada. 
Atualmente, há somente um agente aprovado para o tratamento do câncer 
de mama que tem como alvo uma das proteínas investigadas nesta pesquisa. 
Este agente é o Everolimo, um inibidor de mTOR, aprovado para o tratamento do 
câncer de mama metastático que expressa receptores hormonais (Baselga et al., 
2012; Hortobagyi et al., 2015) e, atualmente, sob investigação também para o 
tratamento adjuvante do câncer de mama. Vários estudos têm se dedicado ao 
desenvolvimento de agentes em câncer de mama que possuem como alvo essas 
proteínas; dentre esses agentes destaca-se o Buparlisib, um novo fármaco oral 
que inibe PI3K (Geuna et al., 2015). 
Dentre os pontos fortes desta pesquisa, destaca-se a análise da 
expressão das proteínas PTEN, mTOR, PI3K, IGF-1R e EGFR  em uma coorte 
de pacientes portadoras de câncer de mama que possuíam longo período de 
seguimento clínico e que foram tratadas em uma única instituição. Outro ponto 
forte diz respeito à caracterização da frequência da expressão destas proteínas 
e de sua correlação com características clínicas, patológicas e com a sobrevida 
na adjuvância do câncer de mama. A principal limitação de nosso estudo diz 
respeito ao número reduzido de pacientes que receberam tratamento adjuvante 
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com trastuzumabe. Em decorrência disso, não foi possível estabelecer nenhuma 
relação entre a expressão das proteínas analisadas e pior sobrevida nas 
pacientes que receberam este tratamento adjuvante. Essa associação já havia 
sido descrita na literatura (Berns et al., 2007; Esteva et al., 2010). A 
caracterização imunohistoquímica de PI3K como um fator prognóstico negativo 
de sobrevida livre de progressão e sobrevida global, demonstrada em nosso 
estudo, até o momento, não foi relatada. 
Em nossa pesquisa, a expressão de PD-L1 foi significativamente 
associada à melhor sobrevida global; entretanto, não foi detectada nenhuma 
associação entre essa expressão e a sobrevida livre de doença. Com base 
nesses resultados, a expressão de PD-L1 pode ser considerada um fator de bom 
prognóstico em câncer de mama.   
Alguns estudos caracterizam a expressão de PD-L1 como um fator de mau 
prognóstico em câncer de mama, relatando uma associação entre essa 
expressão e a pior sobrevida (Muenst et al., 2013; Muenst et al., 2014). Em 
câncer de pâncreas e câncer de células renais, a expressão de PD-L1 também 
está associada a mau prognóstico (Reiss et al., 2014). Estudos mais recentes, 
entretanto, têm associado a expressão de PD-L1 à melhor sobrevida em 
diferentes tipos de tumores como o câncer de cólon e os tumores de pulmão de 
células não pequenas (Droeser et al., 2013; Velcheti et al., 2014).  
A associação positiva entre a expressão de PD-L1 e melhor sobrevida, 
encontrada em nosso estudo, é consistente com os estudos mais recentes 
(Schalper et al., 2014; Sabatier et al., 2015; Ali et al., 2015). Um estudo analisou 
a expressão de PD-L1 em 636 pacientes portadoras de câncer de mama pelo 
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método de fluorescência quantitativa e demonstrou que essa expressão estava 
associada a maior sobrevida livre de recorrência (Schalper et al., 2014). Outro 
estudo analisou a expressão de RNM mensageiro de PD-L1 em tumores e 
linhagens celulares de câncer de mama; nesse estudo a expressão de PD-L1 foi 
significativamente associada à melhor sobrevida (Sabatier et al., 2015). A maior 
coorte já publicada na literatura analisou 3916 tumores de mama e encontrou 
uma associação significativa entre a expressão de PD-L1 e maior sobrevida livre 
de recorrência em pacientes que possuíam receptores de estrógeno negativos 
(Ali et al., 2015). 
Em câncer de mama e outros tumores, a associação entre a expressão de 
PD-L1 e a melhor sobrevida pode ser explicada pela presença de forte resposta 
imune que leva a um grande aumento da expressão de PD-L1 na superfície das 
células tumorais (Schalper et al., 2014). Um estudo demonstrou que a expressão 
de PD-L1 na superfície das células tumorais ocorre em decorrência da presença 
de células T CD8 positivas. Como parte de uma resposta imune antitumoral, as 
células T CD8 positivas liberam diversas citocinas incluindo o intérferon gama. 
Deste modo, o sistema imune através da liberação de citocinas como o intérferon 
estimula positivamente a expressão de PD-L1 na superfície das células tumorais 
(Spranger et al., 2013). As células de câncer de mama que apresentam 
expressão de PD-L1 foram frequentemente associadas a um alto número de 
células T CD8 positivas (Kinter et al., 2008; Mittendorf et al., 2014). A alta 
expressão de intérferon gama também foi encontrada na interface entre a 
superfície das células do câncer de mama e a superfície das células T CD8 
positivas (Mittendorf et al., 2014).  Em nosso estudo, a expressão de PD-L1 na 
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membrana das células de câncer de mama foi detectada em 56.7% dos casos, 
índice um pouco mais elevado do que o anteriormente publicado (Ghebeh et al., 
2006; Muenst et al., 2014). Este resultado pode ser decorrente da adoção de 
técnicas distintas de imunohistoquímica relacionadas com padrões de 
intensidade de coloração e frequência de células coradas. A frequência da 
expressão de PD-L1 relatada na literatura varia uma vez que ainda não foi 
estabelecida uma técnica de imunohistoquímica padrão para avaliar a expressão 
desta proteína (Schalper et al., 2014).  
Um estudo demonstrou que a expressão de PD-L1 estava presente em 
33% dos casos de câncer de mama (Ghebeh et al., 2007).  Em uma coorte 
retrospectiva com 650 casos de câncer de mama, a expressão de PD-L1 estava 
presente em 23.4% do total (Muenst et al., 2014). Um estudo publicado muito 
recentemente analisou 3916 casos de câncer de mama e encontrou a expressão 
de PD-L1 em somente 1,7% dos casos (Ali et al., 2015). Outro estudo detectou 
que 58% dos casos de câncer de mama expressavam RNA mensageiro de PD-
L1 (Schalper et al., 2014). Este último resultado é muito semelhante à expressão 
da proteína PD-L1 detectada em nosso estudo.  
A associação entre a expressão de PD-L1, o alto grau histológico e a 
presença de receptor de estrógeno negativo, detectada em nosso estudo, 
também já havia sido descrita previamente (Ghebeh et al., 2006). Estudos 
anteriores relatam forte associação entre a expressão de PD-L1, o alto grau 
histológico, a alta expressão de Ki-67, a expressão de HER2 e a presença de 
receptores de estrógeno e progesterona negativos (Ghebeh et al., 2007; Sabatier 
et al., 2015). Alinhado com estudos prévios, também foi relatada em nossa coorte 
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uma associação entre a expressão de PD-L1 e idade jovem ao diagnóstico, 
tumores de maior tamanho e presença de linfonodos positivos (Ghebeh et al., 
2006; Muenst et al., 2014). 
A expressão de PD-L2, por sua vez, foi correlacionada com a idade mais 
jovem ao diagnóstico, presença de receptor de estrógeno negativo e expressão 
de HER2. Em nosso estudo também foi encontrada uma associação entre a 
presença de metástases a distância e a expressão de PD-L1 e PD-L2. A 
descrição desta associação, até o momento, ainda não foi relatada na literatura. 
A presença de forte expressão de PD-L1 e PD-L2 na membrana celular 
das células de câncer de mama, encontrada em nosso estudo, também pode ser 
decorrente da ativação de importantes vias de sinalização intracelulares. Um 
estudo analisou uma linhagem celular de câncer de mama que expressava 
fortemente o gene PTEN e encontrou que, após o silenciamento desse gene, 
houve um aumento da expressão de PD-L1 na membrana destas células 
(Mittendorf et al., 2014).  
Conforme descrito anteriormente, a inibição dos pontos de checagem 
imunes surge como uma opção terapêutica em vários tumores incluindo o câncer 
de mama. Um estudo fase I muito recente que utilizou um anticorpo monoclonal 
anti-PD-L1 em pacientes com câncer de mama triplo negativos previamente 
expostas a diversas linhas de tratamento demonstrou que a utilização de 
anticorpo é segura, bem tolerada e efetiva (Emens et al., 2015). Atualmente, 
existem vários estudos clínicos em andamento utilizando anticorpo monoclonal 
anti-PD-L1 em vários tipos de tumores como no câncer de mama, melanoma 
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maligno, tumor de pulmão não pequenas células e tumores de células renais 
(Emens et al., 2015; Honeychurch et al., 2015; Rotte et al., 2015). 
Vários candidatos a biomarcadores prognósticos e preditivos foram 
relatados na literatura; porém, poucos comprovaram significância clínica. Os 
resultados encorajadores de anticorpos monoclonais anti-PD-L1 sugerem que 
esta terapia pode ser implementada em câncer de mama particularmente em 
pacientes que expressam PD-L1 (Sabatier et al., 2015).  
 
 
 
 
 
 
 
 
 
  
91 
5. Conclusões 
 Artigo 1: a expressão de EGFR e a expressão de PI3K foram associadas à 
pior sobrevida livre de progressão e pior sobrevida global. Conforme 
demonstrado, a expressão de PI3K e EGFR pode ser considerada um 
marcador de mau prognóstico em câncer de mama.  
 Artigo 2: a expressão de PD-L1, encontrada em 50% dos casos, pode ser 
um potencial alvo para o desenvolvimento de novos tratamentos em câncer de 
mama. Apesar de sua associação com características clínicas e patológicas 
de pior evolução, a expressão de PD-L1 pode ser considerada um marcador 
de bom prognóstico em câncer de mama.  
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7. Anexos 
7.1. Anexo 1 – Ficha de registro 
 N° de Registro no Estudo  
|__|__|__| 
Prontuário CAISM/UNICAMP  
|__|__|__|__|__|__|__|__| - |__| 
 
 
 
1. Data de nascimento _ _ /_ _ / _ _ _ _ dia/mês/ano  
2. Data de diagnóstico _ _ /_ _ / _ _ _ _ dia/mês/ano 
3. Estado menopausal: 
| 1 | Pré-menopausa             | 2 | Pós-menpausa 
4. Grau histológico:  
| 1 | G1   | 2 | G2         | 3 | G3      | 4 |Não pode ser avaliado  
5. Invasão linfovascular: | 1 | Presente  | 2 | Ausente  
6. Receptor do estrógeno(RE):  
| 1 | Positivo  | 2 | Negativo  | 3 | Não pode ser avaliado 
7. Receptor da progesterona(RP):  
| 1 | Positivo         | 2 | Negativo           | 3 | Não pode ser avaliado  
8. HER-2/neu: 
| 1 | 0/1+              | 2 |  2+                | 3 |  3+                  | 4 |Não pode ser avaliado 
9. T (tamanho do tumor primário): 
| 1 | TX (não pode ser avaliado)     | 2 | T1          | 3 | T2       | 4 | T3            | 5 |T4 
10. N (linfonodos regionais): 
| 1 | NX (não pode ser avaliado)    | 2 | N0       | 3 | N1         | 4 |N2              | 5 |N3 
11. Tipo de cirurgia: 
| 1 | Nodulectomia  | 2 | Quadrantectomia    
 
| 3 | Mastectomia  
 
| 4 | Outra cirurgia  
12. Data da cirurgia _ _ /_ _ / _ _ _ _ dia/mês/ano 
13. Regime quimioterápico: 
| 1 | AC - doxorrubicina e ciclofosfamida  
| 2 | FAC - doxorrubicina, ciclofosfamida e 5-fluorouracil  
| 3 | EC - epirrubicina e ciclofosfamida  
| 4 | FEC - epirrubicina, ciclofosfamida e 5-fluorouracil 
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| 5 | Outros :____________ 
| 6 | Trastuzumabe adjuvante |S |   | N | Nº de ciclos ____ 
Nº de ciclos ____ 
14. Data de início da quimioterapia _ _ /_ _ / _ _ _ _ dia/mês/ano 
Data de Termino da quimioterapia _ _ /_ _ / _ _ _ _ dia/mês/ano 
 
15. Radioterapia  
 | 1 | Sim  | 2 | Não   | 3 | Informação confusa  
16. Tempo de uso de  | 1 | tamoxifeno ou  | 2 | Anastrozol adjuvante  
| _ _ | nº de meses (0 a 60) 
17. A paciente apresenta-se: 
| 1 | Livre de recorrência (PASSE A 18)  | 2 | Com Recorrência (PASSE A 19)  
| 3 | Óbito (PASSE A 21) 
18. Data do último seguimento clínico: 
_ _ /_ _ / _ _ _ _ dia/mês/ano 
19. Data da recorrência _ _ /_ _ / _ _ _ _ dia/mês/ano 
20. Sítio de recorrência: 
| 1 | Mama ipsilateral  | 2 | Mama contralateral  
 
| 3 | Metástase à distância: 
| 1 | Osso | 2 |Fígado  | 3 |Pulmão   | 4 | Pele   
 
| 5 | Sistema Nervoso Central  | 6 |Outros 
21. Data do Óbito_ _ /_ _ / _ _ _ _  dia/mês/ano 
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7.2. Anexo 2 – Carta de aprovação do projeto no CEP – FCM/UNICAMP 
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7.3. Anexo 3 – Carta de aprovação do projeto no CEP – FCM/UNICAMP 
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